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METHOD AND APPARATUS FOR MEASURING 
MATTER PROPERTIES 

BACKGROUND 

0001. This disclosure is related to techniques for evalu 
ating or measuring matter properties, Such as evaluating 
density from imagery, for example. 
0002 Radiological imaging, Such as X-ray imaging, for 
example, may be used to create images of a human Subject 
or their organs and extremities, for example. One particular 
application of X-ray imaging may be for early detection of 
breast cancer, which represents a Significant cause of mor 
tality among women in the United States. Currently, one of 
the more widespread Screening techniques for breast cancer 
is X-ray mammography, where malignancies may be 
detected based on shape and or radiological density. How 
ever, current techniques and/or devices used for early detec 
tion of breast cancer and/or determination of breast cancer 
risk may produce varying results, based on one or more 
factors, Such as the Subjective analysis of a physician, 
differing results obtained by differing imaging methods, and 
equipment variations from imaging device to imaging 
device. A need exists, therefore, for a method and/or appa 
ratus to improve consistent accuracy of radiological imag 
Ing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003) Subject matter is particularly pointed out and dis 
tinctly claimed in the concluding portion of the Specifica 
tion. The claimed Subject matter, however, both as to orga 
nization and method of operation, together with objects, 
features, and advantages thereof, may best be understood by 
reference of the following detailed description when read 
with the accompanying drawings in which: 
0004 FIG. 1 is a schematic diagram of one embodiment 
of an imaging System; and 
0005 FIG. 2 is a flowchart illustrating one embodiment 
of a technique for measuring matter properties. 

DETAILED DESCRIPTION 

0006. In the following detailed description, numerous 
Specific details are Set forth to provide a thorough under 
standing of the claimed subject matter. However, it will be 
understood by those skilled in the art that the claimed subject 
matter may be practiced without these Specific details. In 
other instances, well-known methods, procedures, compo 
nents and/or circuits have not been described in detail So as 
not to obscure the claimed Subject matter. 
0007 Radiological imaging, Such as X-ray imaging, for 
example, has become a useful tool for medical applications, 
although it is worthwhile to note that numerous non-medical 
applications exist, and the claimed Subject matter is not 
limited in this respect. One particular medical us for this 
type of imaging may be for early detection of cancer. 
Malignancies may be detected based at least in part on 
density and/or morphological features. Here, the term den 
sity refers to radiological density, Such as glandular and/or 
fatty tissue composition on a percentage basis, for example, 
although other types of density may alternatively be mea 
Sured or employed depending on the particular context. 
Imaging techniques, Such as X-ray imaging, provide a 
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non-invasive technique for detecting the presence of can 
cerous cells within a human Subject, for example. AS alluded 
to previously, breast cancer is a significant concern, and 
early detection may increase a patient's chances of Survival 
and/or lengthen their period of effective treatment However, 
detection of malignancies in breast tissue is complex and 
challenging for a variety of reasons. The human breast is 
complex from a radiological perspective. Furthermore, cur 
rent techniques for interpreting an X-ray image are depen 
dent, at least partially, on the Subjective judgment of a 
physician. Currently, a physician will typically visually 
evaluate the density of a breast from an X-ray mammogram, 
and will typically classify the image in a quartile Scale, 
correlating to breast tissue density. He or she may then use 
this information to assess breast cancer risk. Factors that 
may affect the Visual perception of density, therefore, may 
include the Subjective judgment of a physician, variations 
among imaging devices, and/or variations among imaging 
techniques employed. For example, the geometry of the 
object being X-rayed may affect the resultant image, Such as 
by altering the X-ray path length, and thereby inducing 
photon Scatter, for example. Additionally, equipment varia 
tions, Such as X-ray filter variation and electronic drift, may 
also affect the resultant image. Therefore, differing results 
may be obtained depending at least in part on the judgment 
of the physician, the imaging device utilized, and/or the 
geometry of the object to be X-rayed, for example. Thus, a 
technique for determining object density based at least in 
part on one or more radiological images, wherein the tech 
nique may more accurately and/or objectively determine 
tissue density, and account for one or more of the afore 
mentioned factors, may be desirable for at least one or more 
of the reasons Stated previously. 
0008 One particular imaging technique that may be used 
in medical imaging is tomosynthesis. Tomosynthesis refers 
to a technologically advanced variation of two-dimensional 
imaging, where a representative three-dimensional image 
may be constructed based at least in part on a plurality of 
two-dimensional images, which may comprise digital 
images based on one or more Sets of data acquired through 
application of relatively low doses of X-rays, in at least one 
embodiment. In this particular embodiment, an X-ray Source 
and/or an X-ray detector may take various positions, Such as 
in an articulated manner, with reference to an object, Such as 
a human breast, for example. A Series of images, which may 
be referred to as views, may be obtained, Such as a Series of 
Views of a particular object obtained from differing angles of 
incidence. In one embodiment, the constructed or recon 
Structed image of a Single view may be referred to as a Slice, 
and multiple Slices may be employed to construct a three 
dimensional image of the object, for example. 
0009 Referring now to FIG. 1, there is provided a 
Schematic diagram of an embodiment of an imaging System. 
Illustrated in FIG. 1 is an imaging system embodiment 100, 
which may comprise an embodiment of a tomosynthesis 
system, for example. System 100 comprises at least one 
radiation Source 102, which may comprise an X-ray Source, 
although it is desirable to note that other radiation Sources, 
Such as Sources producing one or more types of penetrating 
photons, may be used in alternate embodiments. In one 
particular embodiment, radiation Source 102 may comprise 
a Source capable of producing X-ray Spectra, Such as a 26 kV 
100 mAS Rhodium filtered beam with a Rhodium anode, for 
example. However, the claimed Subject matter is not limited 
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in this respect Filter materials Suitable for use in an imaging 
System Such as just described may include Molybdenum, 
Rhodium, Copper and/or Aluminum, as just a few examples. 
Additionally, anode materials may include Molybdenum, 
Rhodium or Tungsten, as just a few examples. However, 
system 100 further comprises a detector 104, which may 
comprise a detector array, for example. The detector may 
have an additional detector device (not shown), Such as a 
Scintillator, which may provide one or more functions to aid 
the detector in detecting X-rays, for example. The detector 
device may have a particular material thickness, and may 
comprise a plate form factor, in at least one embodiment. 
Additionally, the detector may have a detector cover (not 
shown), which may, for example, protect one or more 
detector components, Such as the one or more additional 
detector devices or one or more detector panels from con 
tamination, as just an example. The detector cover may 
additionally have a particular material thickness, and may 
have a form factor Similar to the one or more additional 
detector devices, for example. The detector may comprise a 
Series of panels, Such as panel 130, wherein each panel has 
a plurality of pixels, Such as pixel 132, for example, which 
are typically employed to detect photons, Such as those 
emitted from a scintillator that has been excited by X-rays. 
For example, although not shown in detail, pixels of detector 
104 may comprise photoSensors, Such as photodiodes, and 
may include the capability to detect incident light based at 
least in part on the charge it produces acroSS the diodes, for 
example. For example, in one embodiment, X-rays incident 
upon a Scintillator may produce light photons capable of 
being detected by the pixels of detector 104. Of course, this 
is just one example of an embodiment of a radiation imaging 
device and many more are possible and included within the 
Scope of the claimed Subject matter. 
0010 Radiation source 102 and/or detector 104 may be at 
least partially controlled by a controller 110. Controller 110 
may comprise a radiation Source controller 114, a mechani 
cal controller 116 and a data acquisition device 118. Addi 
tionally, a computing device 120 may be employed to 
eXchange electronic data with one or more components of 
controller 110, for example, and, additionally, an image 
reconstruction device 134 may additionally be employed as 
part of System 100. In one embodiment, image reconstruc 
tion device 134 may be embodied with computing device 
120 as part of a single platform, denoted by a dashed line in 
FIG. 1, for example. Reconstruction device 134 may com 
prise Software executing on a computing platform, but, of 
course, this is just one possible embodiment. Additionally, it 
is again noted that the foregoing imaging System is merely 
one particular embodiment of an imaging System and the 
claimed Subject matter is not limited in Scope to this par 
ticular System. 
0011. In operation, system 100 may obtain one or more 
radiological images of object 108 in the following manner, 
although, it is noted that this is just one embodiment, and the 
claimed Subject matter is not So limited. Radiation Source 
controller 114 may provide Signals, Such as timing and/or 
control Signals, to radiation Source 102, driving it to emit 
radiation for a particular period of time. Radiation Source 
102 may, depending at least in part on the type of radiation 
Source, produce a Stream of relatively high energy photons, 
which may comprise a conical Stream of photons, Substan 
tially directed towards object 108, for example. Depending 
on factors, such as the matter density of object 108 and/or 
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the angle of incidence 126, high energy photons may be 
Scattered, attenuated, or absorbed, for example. At least a 
portion of the high energy photons may strike a Scintillator, 
in this embodiment, thereby producing, by excitation, addi 
tional light photons capable of being detected by detector 
104. Thus, at least a portion of the pixels of detector 104 may 
obtain a particular photon count or pixel intensity, and, 
typically, more dense regions of the object provide greater 
attenuation, and may result in a reduced photon count for 
each representative pixel. The obtained image may be 
referred to as a pixel-wise image, as a pixel represents a 
portion of the image, for example. The pixels of detector 104 
may produce digital databased at least in part on the photon 
count, for example, and at least a portion of the data acquired 
by detector 104 may be provided to data acquisition device 
118. The resulting pixels may comprise a digital image 
representation of object 108, for example, and may be 
referred to as a measured signal, in at least one embodiment. 
At least a portion of the data may be provided to imaging 
reconstruction device 134 and/or computing device 120, for 
example, which, as Stated previously, may comprise devices 
resident on a Single computing platform, for example. 

0012. In this embodiment, if differing images, or views, 
are to be obtained, a mechanical controller, Such as 116 in 
FIG. 1, may cause radiation source 102 and/or the detector 
104 to rotate about axis 128, for example, which may result 
in a change in the angle of incidence 126. Of course, the 
claimed Subject matter is not limited in Scope to this par 
ticular technique for obtaining another view or to this 
particular imaging System. Many other approaches are pos 
sible within the scope of the claimed subject matter. One or 
more additional images may be obtained by performing one 
or more of the aforementioned functions, and the desired 
number of additional images obtained may depend on fac 
torS Such as, for example, the complexity of the object, the 
type of radiation Source, and/or the complexity of the 
imaging System, for example. Image reconstruction device 
134 and/or computing System 120 may at least partially 
construct a digital image representation, Such as a slice, from 
a Single view, and may, additionally, construct a three 
dimensional digital image representation from one or more 
two-dimensional slices obtained by the imaging System, for 
example. Technology to construct a three-dimensional digi 
tal image from Slice ViewS is well-known and, therefore, will 
not be discussed herein detail in order to conserve Space. 
However, it is noted that, in one alternative embodiment, 
computing device 120 may perform one or more image 
construction functions, Such as high Speed image reconstruc 
tion, for example, or other types of Special purpose image 
reconstruction. The reconstructed image may be Stored on a 
mass storage device (not shown), which may comprise a 
memory device embodied on image reconstruction device 
134 or computing device 120, for example, but which may 
b removable. Additionally, although not illustrated in detail, 
computing device 120 may comprise one or more micro 
processors, one or more memory devices, one or more 
input/output ports, and/or a user interface, Such as a graphi 
cal user interface (GUI), for example. Additionally, image 
reconstruction device 134 may comprise a special purpose 
computing device, or may comprise Software executing on 
a computing device, for example. The user interface may be 
utilized to provide one or more instructions to portions of 
imaging System 100, for example, via computing device 
120. Additionally, an output device, Such as an LCD Screen, 
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as one example, may be used to at least partially display the 
image, for example. Again, this is merely one particular 
embodiment and the claimed Subject matter is not limited in 
Scope to this particular embodiment. 
0013 AS Stated previously, imaging, Such as X-ray imag 
ing, may be used to enable a determination of matter density 
or other properties, for example. A radiological representa 
tion of an image, Simply Stated, may result at least in part 
from unattenuated photons passing through an object, which 
may be referred to as direct events, as well as Scattered 
photons, which may Scatter into a Substantially opposed 
detector by being deflected by the object being imaged, for 
example. AS previously discussed, creation of Such a repre 
Sentation may, but does not necessarily, include use of 
Scintillator as an intermediary in the process to permit 
capture of the relevant information by a detector, Such as 
104. Image density may be correlated to the amount of 
photons unattenuated, as denser materials may tend to result 
in greater attenuation in photons. Scattering of photons may 
be related to the angle of incidence between a radiation 
Source and an object, and to one or more properties of the 
object, Such as Shape and/or density, for example. Numerous 
techniques exist for estimating or eliminating Scatter, and, by 
use of one or more of these techniques, Scatter may be 
Substantially taken into account, which may improve image 
accuracy, for example, as explained in more detail below. 
0.014 AS Stated previously, current imaging analysis 
techniques may incorporate one or more Subjective factors, 
one or more physical factors and/or one or more electronic 
factors into the determination of the density of an object 
from an X-ray image. Although the claimed Subject matter 
is not limited in Scope to a particular technique or embodi 
ment, one or more factors tending to reduce the accuracy of 
radiological imaging may be accounted for, thereby increas 
ing the effectiveness of imaging, for uses including medical 
imaging. In one particular embodiment, for example, a 
radiological image, Such as an X-ray image, may be 
acquired for an object, Such as a human breast. In this 
embodiment, the object may have a particular thickness t, 
and may be partially compressed by use of a compression 
paddle, although this is not a requirement. The object may 
have a Substantially uniform thickness, although, again, this 
is not a requirement and objects of a non-uniform thickneSS 
are likewise contemplated. The image data of the object 
may, for example, be obtained by a digital imaging System, 
in this particular embodiment, and may be defined as I, 
where j represents an individual pixel of image data for a 
detector comprising a plurality of pixels, for example. I, 
therefore, may comprise a representation of photons incident 
on a particular pixel. The acquisition of an image, I, com 
prising a plurality of I, may be obtained by a system, Such 
as system 100 of FIG. 1, and may comprise a measured 
Signal, Such as a measure of Signal intensity or a represen 
tation thereof. Of course, it is worthwhile to note that the 
claimed Subject matter is not So limited. Therefore, any 
method of imaging wherein an image representation of 
properties, Such as density, is obtained for at least a portion 
of an object may be used in at least one embodiment 
However, continuing with this example, in this embodiment, 
the acquired image may be represented by the pixel data for 
at least a portion of the pixels of a detector device, Such as 
detector 104 of FIG. 1. Therefore, for one particular 
embodiment, the obtained image may be modeled by a 
relationship as follows: 
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0015 where b is a signal attributable to unattenuated 
photons, and S is a signal attributable to scattered photons. 
In this embodiment, Scattered photon signal S. may be 
estimated (S, ), and Subtracted from I, in the following 

C 

0016). This results in the calculation of I, which, in this 
embodiment, represents an approximated Scatter reduced 
Signal. The estimate of Scatter may be based on one or more 
well-known Scatter correction techniques, but any method 
whereby Scatter may be at least partially determined or 
reduced may be used in at least one embodiment. One 
particular method of at least partially determining Scatter, 
which may be employed by at least one embodiment, is Set 
forth in the following patent application, "Scatter Correction 
Method for Non-Stationary X-Ray Acquisitions”, Publica 
tion No. US 2003/0215057 A1, application Ser. No. 10/063, 
806, filed May 15, 2002, by Gonzalez Trotter et al., 
assigned to the assignee of the presently claimed Subject 
matter, although it is worthwhile to note that the claimed 
Subject matter is not So limited, and any Suitable method for 
at least partially determining Scatter may be employed, in at 
least one embodiment. Of course, in an alternative embodi 
ment, the effects of Scatter may not be accounted for, and 
may be included as part of the technique. In one embodi 
ment, for example, a Scatter correction technique may be 
incorporated, whereby the technique is constructed to 
account for the Scatter which may be inherent in the type of 
imaging technique and/or the type of object being imaged, 
for example. In Such an approach, one or more modulation 
factors may be utilized to account for at least a portion of the 
photons detected by one or more pixels of the detector 
attributable at least in part to Scatter. 
0017. In this embodiment, an additional or second radio 
logical image may be obtained, using a Substantially similar 
technique to the technique previously described, but without 
the object in place, for example. Again, Similarly to the 
previous approach, the amount of Scattered photons S. may 
be estimated and a resultant estimated Scatter reduced image 
may be obtained by Subtracting the estimated Scatter Signal 
s for each I, in the following manner 

I-I-s, 3. 
0018. In this embodiment, I may be referred to as a 
Scatter-reduced open geometry image. Obtaining an addi 
tional image utilizing a similar technique but without the 
Subject in place may result in the quantification of one or 
more equipment related factors, as these factors may be 
repeatable and/or inherent in th equipment and/or technique 
used to obtain the particular images, for example. Therefore, 
obtaining a Second image and mathematically modifying the 
data obtained from the first imaging process based at least in 
part on the data obtained in the Second imaging process may 
result in at least partially removing equipment related fac 
tors, Such as electronic drift and filter variations, and other 
factors, from the image data. The resultant image, referred to 
as an approximated Scatter reduced open geometry image, is 
represented by I, where i varies over the entire image in 
this particular embodiment. 
0019 Using at least a portion of the data obtained in the 
two images I, and I, a mean attenuation coefficient, 4t. 
may be obtained for each pixel j, where t represents the 
nominal thickness of the object for which at least one of the 
images is obtained. In this embodiment, the mean attenua 
tion coefficient, in this context, refers to a mean numerical 
value of attenuation determined for an associated pixel, for 
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example. This may, for example, comprise a numerical data 
value, where the numerical data value is based, at least in 
part, on at least two radiological data Sets, where the data 
Sets account for one or more random or pseudo-random 
factors affecting radiological results, for example. Thus, the 
mean attenuation coefficient may be determined in accor 
dance with the following relationship: 

Int" - lni, 4 - 
it; 

0020 Solving for 4t. the mean attenuation coefficient for 
each representative pixel j may be obtained. This value may 
at least partially represent the attenuation attributable to an 
object, and, therefore, may be used to at least partially 
determine matter density, as explained hereinafter. In addi 
tion, if, for example, the thickness of the Subject is known 
in greater detail, Such as on a pixel by pixel basis, for 
example, the thickness t for equation 4 may be Substituted by 
t, the thickness for each representative pixel. Likewise, it is 
noted that Similar adaptations of the prior and foregoing 
relationships to take into account various additional param 
eters, depending on the particular context, are possible and 
included within the Scope of the claimed Subject matter. 
0021. In this embodiment, it may also be desirable to 
model the behavior of imaging data for one or more objects 
of known matter composition, shape, etc. For example, with 
knowledge of a Source photon spectrum S(E), knowledge of 
typical attenuation behavior and attenuation coefficients for 
differing types of matter as a function of photon energy, Such 
as fatty material and glandular material, which, in this 
context, may comprise material categorized Substantially by 
radiological density, for example, fatty material may be 
radiologically leSS dense than glandular material, although 
this is not a requirement. In this embodiment, fatty material 
and glandular material are represented here by (u(E)) and 
(u(E)), respectively, theoretical imaging intensity models 
may be constructed for both the object image and open 
geometry image, In) and Locm), respectively. Thus, theo 
retical expressions for these modeled intensities using the 
previously described information are as follows: 

i 

pon X. S(E)ehic(Epic (1-e-Ha (E)-d).E, 
= 

i 

1") = X. S(E)ehic (F)-ic(E)ic (1-e-Ha (Epid).E, 
= 

0022 Here, the attenuation coefficient, and thickness of 
the detector cover material of the detector cover, are denoted 
by u and t, respectively. The theoretical mean attenuation 
coefficient for each pixel j, for an object of nominal thick 
ness t, photon spectrum S(E), and a Selected matter density 
may, therefore, be obtained by 

into Inis") (7) 

0023. By use of this obtained theoretical mean attenua 
tion coefficient, and a calculated mean attenuation coeffi 
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cient for an object, as discussed above in connection with 
imaging System 100, a percentage composition of an object, 
Such as percentage glandular composition and/or percentage 
fatty composition, may be obtained for a pixel j, in the 
following manner 

g(n) i. 8 

c -10- I A. Ali - it; 

0024 where 4 m) and ufm) are the theoretically 
calculated mean attenuation coefficients for an object 
made of 100% glandular and 100% fat tissue, respec 
tively. Of course, as previously Suggested, it may be 
appropriate to make adaptations of the prior Set of 
relationships to reflect additional parameters that 
may be present, depending on the particular context. 
It is intended to include all Such adaptations within 
the Scope of the claimed Subject matter. In this 
particular embodiment, by use of the foregoing tech 
nique, or an adaptation thereof, a pixel-by-pixel 
density composition of an object, represented by C. 
may be obtained, which may be referred to as an 
attenuation map, in at least one embodiment, 
because, for example, of the pixel-wise determina 
tion of composition. It is noted that the resulting data 
is Substantially operator independent, Substantially 
imaging device independent, Substantially imaging 
technique independent, substantially object thick 
neSS independent, etc. 

0025 By utilizing one or more of the foregoing relation 
ships, or an adaptation thereof, an image may also be 
constructed which represents a mean attenuation coefficient 
image. This image may be formed as a two dimensional 
image configuration, or may be formed as a three-dimen 
Sional image configuration, for example. In at least one 
embodiment, the resultant mean attenuation coefficient 
image may be used to determine object density, Such as 
breast tissue density, Substantially independent of one or 
more factors tending to affect accuracy, as explained previ 
ously. 
0026 Referring now to FIG. 2, one embodiment of a 
technique for constructing Such images is illustrated by a 
flowchart, although, of course, the claimed Subject matter is 
not limited in Scope in this respect. Thus, Such an embodi 
ment may be employed to at least partially form a mean 
attenuation coefficient image, as described below. The flow 
chart illustrated in FIG. 2 may be used to substantially 
perform one or more imaging operations of an imaging 
system, such as system 100 of FIG. 1, for example, although 
th claimed Subject matter is not limited in this respect, and 
the order in which the blocks are presented does not nec 
essarily limit the claimed Subject matter to any particular 
order. Likewise, intervening additional blocks not shown 
may be employed and without departing from the Scope of 
the claimed Subject matter. 
0027) Flowchart 140 depicted in FIG.2 may in alterna 
tive embodiments be implemented in Software, hardware 
and/or firmware, and may comprise discrete operations. In 
this embodiment, imaging data for a Subject may be obtained 
for a plurality of pixels of an imaging System at block 142. 
Scatter may be accounted for at block 144, such as by one 
or more Scatter correction techniques, as previously 
described, for example. At block 146, imaging data, without 
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an object, may be obtained for a plurality of pixels of Such 
an imaging System and, Similarly, Scatter may be accounted 
for at block 148. At block 150, the mean attenuation coef 
ficient may be determined, for the plurality of pixels, Such as 
by one or more of the foregoing methods, for example. At 
block 152, one or more modeled imaging intensities may be 
obtained for one or more types of matter, and utilized to 
determine a theoretical mean attenuation coefficient for the 
plurality of pixels. At block 154, the composition of the 
object, which may be based on a percentage composition, 
may be determined for the plurality of pixels, and a repre 
Sentative image comprising percentage composition may be 
formed. AS Stated previously, this may be a two-dimensional 
or a three-dimensional image, for example, or, alternatively, 
may comprise a Single value representing an approximate 
composition, such as XX % fatty tissue and YY% glandular 
tissue, in the case of a breast image, for example. In this 
embodiment, one or more coefficients may be averaged for 
example, to obtain a Single percentage value representing the 
object, for example, although many other approaches to 
represent the data obtained may be employed or devised and 
remain within the Scope of the claimed Subject matter. 

0028. It is, of course, now appreciated, based at least in 
part on the foregoing disclosure, that Software may be 
produced capable performing one or more of the above 
described operations. It will, of course, also be understood 
that, although particular embodiments have just been 
described, the claimed Subject matter is not limited in Scope 
to a particular embodiment or implementation. For example, 
one embodiment may be in hardware, Such as implemented 
to operate on a device or combination of devices, as previ 
ously described, for example, whereas another embodiment 
may be in Software. Likewise, an embodiment may be 
implemented in firmware, or as any combination of hard 
ware, Software, and/or firmware, for example. Likewise, 
although the claimed Subject matter is not limited in Scope 
in this respect, one embodiment may comprise one or more 
articles, Such as a Storage medium or Storage media. This 
Storage media, Such as, one or more CD-ROMs and/or disks, 
for example, may have Stored thereon instructions, that 
when executed by a System, Such as a computer System, 
computing platform, or other System, for example, may 
result in an embodiment of a method in accordance with the 
claimed Subject matter being executed, Such as one of the 
embodiments previously described, for example. AS one 
potential example, a computing platform may include one or 
more processing units or processors, one or more input/ 
output devices, Such as a display, a keyboard and/or a 
mouse, and/or one or more memories, Such as Static random 
access memory, dynamic random access memory, flash 
memory, and/or a hard drive, although, again, the claimed 
Subject matter is not limited in Scope to this example. 

0029. In the preceding description, various aspects of the 
claimed Subject matter have been described. For purposes of 
explanation, Specific numbers, Systems and/or configura 
tions were Set forth to provide a thorough understanding of 
the claimed Subject matter. However, it should be apparent 
to one skilled in the art having the benefit of this disclosure 
that the claimed Subject matter may be practiced without the 
Spcific details. In other instances, well-known features were 
omitted and/or Simplified So as not to obscure the claimed 
subject matter. While certain features have been illustrated 
and/or described herein, many modifications, Substitutions, 
changes and/or equivalents will now occur to those skilled 
in the art. It is, therefore, to be understood that the appended 
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claims are intended to cover all Such modifications and/or 
changes as fall within the true Spirit of the claimed Subject 
matter. 

1. A method of determining one or more matter properties, 
comprising: 

determining, at least in part, a mean attenuation coeffi 
cient for Said matter using a plurality of radiological 
data Sets; 

comparing Said mean attenuation coefficient with a theo 
retical mean attenuation coefficient; and 

determining one or more matter properties, based at least 
in part on Said comparison. 

2. The method of claim 1, wherein Said matter comprises 
one or more of glandular matter and fatty matter. 

3. The method of claim 2, wherein said one or more matter 
properties compriseS radiological density in terms of per 
centage of glandular and/or fatty matter. 

4. The method of claim 3, wherein said plurality of 
radiological data Sets comprises at least two radiologically 
produced images. 

5. The method of claim 4, wherein said density is deter 
mined on a pixel-by-pixel basis. 

6. The method of claim 3, wherein said mean attenuation 
coefficient comprises a numerical data value, wherein Said 
numerical data value is based, at least in part, on at least two 
radiological data Sets wherein the data Sets account for one 
or more random or pseudo-random factors affecting results. 

7. The method of claim 6, wherein said one or more 
random or pseudo-random factors affecting results comprise 
one or more of: photon Scatter, matter shape, matter size, and 
variations in equipment measuring the radiological data. 

8. The method of claim 3, wherein said plurality of 
radiological data Sets comprises at least two radiologically 
produced images; 

Said theoretical mean attenuation coefficient being based, 
at least in part, on a mathematical model of image data. 

9. The method of claim 8, wherein said mathematical 
model accounts for one or more of photon Spectrum, 
attenuation factors for Said glandular and fatty matter as a 
function of photon energy, and response behavior of a 
detector. 

10. A method of determining a property of a material, 
comprising: 

obtaining a first radiological data Set for at least a portion 
of Said material by use of an imaging System; 

obtaining a Second radiological data Set by use of Said 
imaging System without Said material; 

determining, at least partially, a mean attenuation coeffi 
cient, by using at least a portion of Said first and Said 
Second radiological data Set. 

11. The method of claim 10, and further comprising: 
at least partially determining a theoretical mean attenua 

tion coefficient, and determining, at least partially, a 
property of Said material, based at least in part on Said 
theoretical mean attenuation coefficient, and Said mean 
attenuation coefficient. 

12. The method of claim 11, wherein said material com 
prises glandular matter and fatty matter and Said property 
comprises glandular and/or fatty matter composition. 
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13. The method of claim 12, wherein said density is 
determined from Said imaging System on a pixel-wise basis. 

14. The method of claim 12, wherein said mean attenu 
ation coefficient on a pixel-wise basis. represented by 4. 
where j is a particular pixel, is Substantially in accordance 
with the following relationship 

O Inl"-lni, 

where I, comprises a first representation of signal inten 
sity at pixel j with Scatter at least partially accounted 
for, I comprises a Second representation of Signal 
intensity at pixel j with Scatter at least partially 
accounted for, and t is thickness of Said material. 

15. The method of claim 12, wherein said theoretical 
mean attenuation coefficient is determined on a pixel-wise 
basis, represented by um, where j is a particular pixel, is 
Substantially in accordance with the following relationship 

into Inis") 
put = - 

where, I" and (m) comprise a first and Second mod 
eled value of Signal intensity at pixelj and are obtained 
by the following relationships 

i 

pon X. S(E)ethic(Eric (1 - Pai (Eid )E. 
= 

i 

p.) X. S(E)e-Hc(E)-Hc(Epic (1 - epid (Eid )E 
= 

where S(E) comprises a Source photon spectrum, and 
(u,(E)) and (u(E)) represent attenuation coefficients for 
Said fatty material and glandular material as a function 
of photon energy, the attenuation coefficient, and the 
thickness of the cover material of the detector, are 
denoted by u and t, respectively, and the attenuation 
coefficient and the thickness of the detector material are 
denoted by u and t, respectively. 

16. The method of claim 12, and further comprising 
determining a percentage glandular and/or fatty matter com 
position of at least a portion of Said material, based at least 
in part on the ratio of Said mean attenuation coefficient and 
Said theoretical mean attenuation coefficient, Substantially 
by application of the following relationship 

g(n) t 
it; - it 

C = 10| th A. Ali - it; 
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where C, comprises a density composition of said Subject, 
us") and uf(m) comprise the theoretically-calculated 
mean attenuation coefficients for an object made of 
100% glandular tissue and 100% fatty tissue, respec 
tively. 

17. The method of claim 10, wherein said data sets 
comprise radiologically produced images. 

18. An imaging System, comprising: 
a detector array, having a plurality of pixels; 
a computer coupled to Said detector array, Said computer 

configured to, in operation: 
obtain a first radiological data Set from Said detector for at 

least a portion of an object being imaged; 
obtain a Second radiological data Set from Said detector 

without Said object being imaged; 
determine a mean attenuation coefficient for one or more 

of Said pixels of Said detector; 
determine a theoretical mean attenuation coefficient for 

one or more pixels of Said detector for Said object being 
imaged; and 

determine a material property of Said object for one or 
more of Said pixels of Said detector, based at least in 
part on Said mean attenuation coefficient and Said mean 
theoretical attenuation coefficient. 

19. The imaging System of claim 18, wherein Said imag 
ing system comprises a tomosynthesis System. 

20. The imaging System of claim 18, wherein Said mate 
rial property comprises percentage density. 

21. The imaging System of claim 18, wherein Said object 
comprises one or more of glandular matter and fatty matter. 

22. The imaging System of claim 18, wherein Said object 
comprises a human breast. 

23. An article comprising: a Storage medium, having 
Stored thereon instructions, that, when executed, result in the 
at least partial determination of a material property for an 
object by: 

obtaining a first radiological data Set for at least a portion 
of Said material by use of an imaging System; 

obtaining a Second radiological data Set by use of Said 
imaging System without Said material; and 

determining, at least partially, a mean attenuation coeffi 
cient, by using at least a portion of Said first and Said 
Second radiological data Set. 

24. The article of claim 23, wherein said instructions, 
when executed, further result in; at least partially determin 
ing a theoretical mean attenuation coefficient, and determin 
ing, at least partially, a property of Said material, based at 
least in part on Said theoretical mean attenuation coefficient, 
and Said mean attenuation coefficient. 

25. The article of claim 24, wherein said material com 
prises glandular matter and fatty matter and Said property 
comprises glandular and/or fatty matter composition. 

26. The article of claim 24, wherein said material property 
is determined from Said imaging System on a pixel-wise 
basis. 


